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(54) TRACKING ERROR DETECTING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
tracking error detecting device capable of coping with 
the double speed of an optical recording and reproducing 
device and the high density of an optical recording 
medium at a low cost 

SOLUTION: Two signal series are generated by 
converting photoelectric currents obtained by 
photodetectors into voltage signals with current-voltage 
converters 7a to 7d and by adding the voltage signals 
with adders 8a, 8b. These two signal sieries are 
digitized respectively in ADCs 16a, 16b to be subjected 
to interpolation processings in interpolation filters 
17a t 17b and zero crossing points are detected by zero 
crossing point detecting circuits 18a, 18b. Then, a 
tracking error signal is obtained by detecting the phase 
difference between the zero crossing points of the two 
signal series in a phase detecting circuit 19 and by 
applying a band limitation to the phase difference by an 
LPF 11. 
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±Et& i xtff 2 coxi^/Wt ^^i-eti^fu-^^'c 
±e*m y ^ k j: o -c«ra § *vfcf& i &vm 2 ro-r 

^2£)^S?*/W§ -^•m?ilro±|2-^D ? o^^ireD-fetg^ 

±12® m £ *i.fc<fc«*fc mwifcm o r b ? y * > ^ 

±E«EEflr#*»«MfcU ^s^WM'KfciM-ST-*- 
±E*tH7>r /U^-e^bJxfcffi#*^> ±E3t*#S'b 

±e» 1 At^n 2 cov*^ * /um%r%km<D-v a?** 

•tix^etitfettl-f * n mill Jgi:, 

±ism 1 ro^i? * Mf ^3R?iJtf>±E-t? p * n * A t ±e 

^ 2 co^i? ? Mf ^-^^Jo±S2-^ o^n^jSi ro-titB^ 

ifciaL-C'tt*a***a-r6ffi*B**iHiaKi:x ±E#stib 



ass *« s r i * mm t -r 5 b ? y * > ^ssaa* tarn 

So 

■tftWIIII&*r«*.» 

[f»*«6] fg*^4 3?.li5(cE*Wb5s' :3 r^^ 
±E«»»*IilK« s l9:*-*"*«*»*> *liB*ff 
4^fc#»-Cfe 5 r & &4*tk £ -T 5 b 7 j/ 

[00 0 1] 

^MltHfjhSJt^^y bo b7 5/*v^iMi 
[0 0 0 2] 

V&3k<V&M\ CD (Compact Disc) ^DVD (Digita 

1 video Disc) tcft*£;h-5±5fcMi&<DK's' b-etim 

^E^tLTV^ftT^^^ib b^.y^V^WWfS* 
[0 0 03] tiLtt&mti. mm^- 10-162381# 

^«3t^#S' b<f+W^t:' , -y h«t>ifrA»6>©-f ^(Slt* 
[0 0 0 4] F7 S'^Vr/PgW&m^asKO^ 
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[0 0 0 5] *mfols-Vte¥<n%Mlfrhmm\,tz.% 
I£^ff (WAHE, 5±coff«fE^S5 1 

K#*3fci2, ^i/yX4*gt^-7 ^ ^-6 MJ; 9 0 
[00 0 6] ;y h^ t > h_b4riIi§t-5^ 

[0007] 05, 06, &t/0 7l2, 3t*#:y h^h° 

f—xDmt&m^istcm-e&Zo #00 u> «\ # 

h 1 2 £*«fcTj/ h 1 3 b<o$LB.m& (««tTy 

h i aotfi&ttjSJft-c*-*-) £^-r0-e*>o-c, 3t^# 
y h i 212, timtv h i 3±*fcm<0*iFj*c*-*^-e 

V^< #0<£> (b) !2, 7thf>{f^^2 

AsV'<9 — » U #0 (b) (oittf:3o 

0^*->-|2, 3t^^5/M2^ (a) W|/Tlf:3o 

(c) B7^hf-{f^^2^e)#bii5 2oofltS: 
^-To 7* h^f7^*2|2, »«2olcafc^ 

S3t^^-2 a-2 d^U #0?) (c) -Cl#^tt^2 
o£>{f-^l2, 4oO§3t*^F2 a-2 d^^^bttSff 

(o* 92a + 2d£2b+2c) , #«bft£{f »-CS> 

So 

[0 0 0 8] #J;Ltf, 0 5 (a) 3 

ia-r«<b#tt> las (b) ic^-r^tc, ^°*->-i2b$ 

ff#fltc:!§I(E1-£<i: 5C«tU 0 5 (c) co J: ^ {d>6t 
tSO-f ftfc 2o<D{f ^#btl-5, 
[0 0 0 91 06 (a) (CTjt-TJ; ? f-, 3t*#:x M2 

i§-rs<b#i2, 0 6 (b) (OJ: — >ttfcfr*h» 

icjfrftu 0 6 (c) <D£o (cfi:tgoo^o 2 ocoff-^- 



[00 1 01 07 (a) (C^-r<t M2 

#12. 0 7 (b) ^*1-«t 5fc^^ — ^iiSB#fHsI9tc 
SEflSU 0 7 (c) OJ; ^:tffi^ftif:2o^f 

[0 o l i] fiJLLl&WLfcJ: 5t-. ^T-^-f-^ 

ix«2o^Jo»{i#^ffi*BS:lt«8L. ffiffi^iS**a>5 
VMiSixSSr^ffl-r^C^fC^oT. h 1 2 <t 

[0 0 12] H8 3Ufla-9 4rJBV*-C, 

stpo) or) - (^) -e^$ti^ft^j6^^r^-r&^ 

1 2iS«*.K9y^ 1 3±«:Jif?*Ri£«»b*^«>fr.L 

/.c^b, in^>0 5 (Dvtmfrbm 1 <nwmz.mk h 

[00 13] bv^T^* 2i2, a¥«2o-fo|BS 
Jtlf:S*if2a, 2b. 2c, 2d$*U 

^A*f-r^3tft LrtwatSo ftmsftt 

3tffiiE(2, **l^n«ac«EE«lftiaK 7a, 7b. 7 

[0 0 14] iD»»^, h^^^^^ 2(^2 

6 0 oSD, ^JD^ 8 a d««jK«jBE«»EIK 7 a <h 7 c 
<Dffl^£iDgU *D»5S8 b^«SS«JE^»IeIK7 b t 
7 d<OfflA«rJDj|[-f S. 2-D(Dimm^ (T) , GY) 
«2, *4x-etLBI9<o (r) , (-<) tc^-rs^i/^So 
*P^ff^ (T) , (-O 4r ; etL^ f iX2»b[fiIK9 a , 9 

[0015] tefgH^fcBlHlSg 1 0 12, 2«ftff- 

(*) , (31) oi:^)±^^fo^v^^235:^bT^^9co>(2:ti 

^ttffiSiDl7ys//7ny/ (D-FF) 101 
a, lOlbSrl^tftHJtSo D-FFlOla, 1 
0 1 bf2, A^fflT-D, ^nj;^AA»fT, y 5/ h 

RcOA^^Ha r L j u^/KO«ptt*ft#*cfflAJS-7-Q 

THj U^</WcOB$, ^n^SfT^) Thj 

^, o^, D-FFlOla, 101b 12, ^ttl^tl 
2«k«* (-» , (a.) 0)ffi«*SrtfctB B*WI^ 
/l-^ (ah) , (#) Sr#«o B#raH^°^^ (*) f2. D 
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"FFlOla (DlMm+Qfrh&JlZft, f^H^U- 
* (#) tt, D-FF10 1b(OBlAffl?QHaiAJ 

[0 0 16] H^fflH^Vu^ <*-) , (#) *$H*Hi 
SSl 0 2-C/^u^««BPfl|» (*) icaE*Stt. JEfcn 
— a°*:7^/1^ l l tcmZtiXTl-uya) h^s/^V^ 
KSfeflr* (*) kteZ, 

[00171H10I1 h7y*^/»»lt«r*ft© 
(^) ^hy^^Uolf^gf^i, 3t 

yy$t h 7 ^ <b oHI-*>5f ^l^fcf n u^/i/,!: 
[0 0 18] Hi ocoj: 5*att-Ch7y^*«cj»9 3S 

[0019] Se*OfifflHffi«:, 3t^JKs/ 

[0020] mi iRvmi 2& s ttttHfiiao-rh 

£^LfcH-e, El 1 1 {it: 0 -/ h 1 3<&«$aU/4<04§ 
* (A : ftSicofcB) x E| 1 2«fc°s/ h l 3<om£&X 
/4&sft<Dm&&7J<ir o #HJC*5V^T, (a) ttaMfcw- 
^X4^»JL*V^^07^ h7 f -Y7^*2±f£:f3tt 
5K*fft*<03*S#*'** — V (77- /UF>** 
— » „ (b) ftttQol'>'X4timWl-t-Zm&<D7* b 

(7 7 -7^/UK/^-» , (c) ttWfcJxSh? 
y^l/ymmt^&^lTo fc*3, (a) XU 5 (b) lift 
*#;y h 1 2# h7 ^^<0=fi^±S:ait)S.offif«fcr y h 

[0 0 2 1] Ell 1 (a) fd^-f<fc5(C, tT-y h 1 3 CO 

¥47-9 $ 2^^^fS]CO§3t*^2 a £ 2 d £££*:b 
-#ttmi<nm& (2a + 2d) 

cOS3tm^-2 b t 2 c tSr-&te*fc»2^«« (2 b + 
2c) tlciaix^^-vttBCiftS, Hll 



(b) {z^k-tX 0 ^»l/>'X4^BU7^hr 

b7y^*^±{cfcttli, Ml (2a + 2d) £ 

fg2<£>1gJ$ (2b + 2c) ^^^^^-^tltti^/^tl^ff 
^^itgHii*^^5 0 8£ot\ E] 1 1 0 (c) (C^-T 

[0022] rfucfcru El l 2fc^t-j: 5f-> t e y h. 
<0»*aU/4£W©»<g\ (2a + 2d) 

^I2CD« (2b + 2c) fc*»&UJ**ft-5«#lO-et 
ffi3Srt**i: 5 C Ell 2 (a) K^f <fc 

hf^f ^ 2 (DS*f3fe^ll^V^ v ^1(7) 
ftift (2 a + 2 d) k%2<0<m$L ( 2 b + 2 c ) <&HK 
ffiffi*ttfc<, h^y*>^»«f9»tt»i:3fc*^; El. 

1 2 (b> k^i-j: ?fcttmi'>'X4?!>mw}irz>k. m 

l<Om& (2 a + 2 d) <b®2C7)|iit (2 b + 2 c) £ 

^K^ff^fc^7-fer^ «or. Ell 2(0 

(c) <O^^A, B-e^LfcSa5^<o&^^ — >^*«*/jr' 

[0 0 2 3] W±coj: 5ftBBH**St-r5fc«>^ Ell 

3 izTjk-t b ? y *>rmm&m$is&mmktix^z 0 
[oo 24] ±&.b7y*>>ymmmmmmft, -?*b 

tjt?? 2^6ffi*Sixs«#^ffl:ttSrjl5gigKi 4 
a, l 4 bSrfflv^TWKi-S^i^ifj, ffiffiSSb^jy 

[0 0 2 5] 

[0026] MM^SfticioTiC 
SraH^tcoV^TIftMi-5o Ell 3{C7^LfcT^a>/ff 

Sr^-^^/U-f Z>tL)b<nT§M^'$t 1 4 a , 1 4 b "C^*— 
4^>^7t hf^f^^ 2^»fe^p3jx5Bl5*ffl Lit -g-o 
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[0 0 2 7] ZtlZMfc-fZ^&k L-C, 1211 4 (C^-f 

i 4 Ei 8 1 mmvmtiHz-v^xttm z&wm^* 
#4-Lr*5t)> rr-eiipa^iiifists, in 1 4 

ictp? h7 y*>ymm&mmm.x-\*, »D»§g8a, 8 

b let 9 jfcSofc^;*- f-r-rf^^ 2 co 2 ocofpff-^- 

(2a+2d£2b + 2c) ffi&%HK7 4 /\< 

?i5 a> i 5 b ict 9 femmmzfritzm.^ 2mm 

I- <t 9 , ***ffc»cj:*il[«rii»«)5)5{ls**lflt-r-5ri 

[0 0 2 81 L^U/i^P), JBtlf^-ffc^A"? 1 5 a, 
1 5 bliT-^-n ^CF I R 7 /U^ 7?P^$ix'CV^-5(0 

-e, f i ^ /u? <Dmm&>ft&mf&-rz>tc)t>ic*—;i> 

[0 0 2 9] r©t5lC> r^-n^ff^ai-.t 9 h7 

9 ^is-^-mmu t —Wit i28t l \, 

[0 0 3 0] **W|4, ±E©»««r»»-r<5fc»lil* 

*'>srtdfct«cffi=» * h icrs^-r s r. t * a ft t -r-s 

[0 0 3 1 ] 

»«E<*±»C3t*fia*tL-C#e J ix53t^JKs' Y<0 h7 

x, MoKatjtsrxateu gytmiafc zfctftn 

^ri»P>, 3fc*#s> hco h7v*>?&mzfcCXK\,^c 

t, 2oW{f^-^JlJ^fiiSt{l:UTmi&T>'^2^7 f v'^ 
/HI -^^?IJ 5 T -7" n ^i? *r /u-^&Si t , |g l R 
XlW.^Ofisf #35$ tit'ti ico^-CMfffl*£iJi% 

ft#JS?UOTJt|E-fern f n iff? 2 rof^^^flfl?ij 

co-en ? a t »4fc*ia*t&ar tuiais 



[0032] s/c, §&#^2K#5 h? y*>ymgim 

tP^-f^^/^Mi, 7 f S^/Mf#(-o^TMIS3 

ytxtf? b<Dh7i'*r>ymm£j&zxE.w£ 
•rzis^rQitimk* m 1 rxi% 2 co^e^/nt #is?u 

SSi, ^KTJ^-^^/Hf^JiJcO-fH;!' 0^.^,1:^2 co 
WibirZ>^.(DXfoZ> 0 

[0 0 3 3] Sfc, »**3fc^5 h^y^^^aa^ 

[0 0 3 4] *fc, fi*3S4lc-f^5 hyj/.+ y^Mi 
ffi^SH:, W*^l^i^ 3cov-fti*^cfEttco f 73/=^ 

[0 0 3 5] l§*^5 li#5 b y y*>?Mmm 
x-^^M^^-c/i'^lctorMra^tv-S J: 5«e ^ffi 

[0036] mxm6iz.&z>y9v*^?mmm 
mmmcm^x. &mBtTZmm*mfe-rz&&t>K mm 

[0 0 3 7] 
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[0 0 3 8] Elite, IWllia^ h7^^^ 

fC^t&-f 5JBl^6*4(^ «»E«flE^ifc» 7 a - 7 
d, fgl^b^4<0«SE-«ffigElft»7 a-7 d-C#&tt" 

fifcS, -T>5:t>*>*l&U f IK2^iPjf»8 a, 8 b, 2o 
<0«»JRW**fc* l XV* 2 (D^*>Mf ^£^£#5 
IlMl2^7tP^-7 f v J ^;^!*g (ADC) l 

6 a. 1 6 1>; miRx*m2<D<Ti?*MfiJ§r&mz:ti : e 
tiic^xffiffl&m&m-rn i x v* 2 <o&m y^^* 

17 a. 17 b v * I RXfM 2 (Dmmy ^ 17 a. 
1 7 bJC«toTMra$tU^l&tFB2 0^^^ft# 

if u*;£t&ttl|plgg 1 8 a . 18 b, SlOfv^^^ 

xv, ttsam^iciBFWSjiRSrffo-ch^^^^^aa* 

i^#§o-^7^;^ (LPF) 11. £fit*- 

[0 0 3 9] 7* hx-fv^^tt:, i**^itt«l 
^tfffl<7)^M{C4^fiJ^tt^§:3 , fcm^-2 a. 2 b. 2 
c, 2d.*rflt;t, ftCfttttt <B**T) Wb7^1 

[0 0 4 0] «l}&*fe«4^*j««ffiaEljllslK7 a. 7 
b. 7c, 7dte, y* Y*r-<"TV* 2<Dttjj-X?&%yt 

msK^S3tm^2a, 2 b, 2 c, 2 dm^mt^c 

[0 0 4 1] * 1 <Dto&» 8 a IS, * 1 XV* 3 c£>«2jfn 
mi£lH]^7a, 7 c©U* trill* U I2(DJpSS8 b 
13, *2XV*4tf>®ijf£mff[I]&7 b, 7d^m**iD 

[0 0 4 2] SB 1X0**20 ADC 1 6 a, 1 6 b It 
■eneH, *lXV*2<OiD*S8 a, 8b*»bffl*S 
jft5«*3R*J*:lifMb (u-^y ttf 1WI 
2<0^v^Mf#3^J&#5o 

[0 04 3] W7^Hl7a, 17bfl 
I2C0ADC1 6a, 1 6 b (C J: 9 o fcf^^/W* 



[0 0 4 4 ] -If n^^CttffliaK 1 8 a , 1 8 b ft, 

fflW^ti/c 2oe^-*^j{c#tt5£*>±# 9 , fc<5 
#3RJBJCi3»tS«F»©*{bjS ( + ->-> fcSV^H: — ► 

[0045] ^n^tbEiK 1 9 <omma^ 

T, H2«rfl§VvtRWi-So H*, (a) te, ii^t ; 

5l]<0— 0»JS:*U (b) IS, *2C0^n^nx^tttHlsI 
K 1 8 b^e>W^"S4xS*2<o«^?iJO— «!IS:*L, 

( c ) te, ttt@f#ffl[BlK 1 9 (C J; 9 o fc^lffl^f 
13 2 60^-*^] (a) XV (b).JCfflV^fe 
tlSEt^RMtS, ORU3:*l fc£VM2*2(DADC 

16 a, 16bCJ:^^otfV7 , !)>'^f-^^ 
AHJW:*l*>5V^«*2 0«m7>f/U^ 1 7 a, 17b 
fc* .5**o*i*||Bf , -**W*:, •RlXVAepte, * 

fcWe&5» «Ffl^-*co$Cl3:n = 3 £ Lt^ 

[00 4 6] ffiffi^tfttHlBlK 1 9 12, * 1 XV* 2 <£>{f 

^tSUif-^^r^ffi-r^o * 1 Off -Jf-^JIJ (a) XV* 2 
G)«*5RJ(I (b) Oi£p^n;*/££tt:«-rS£> 
0 t LTV^litg^coite, 2oOf|^?l| (a) , 

(b) coif n^n^^<OE)BKIt«UTV^6r 

$ c £fc, tt«<&1*ft:fr|6]WU 2o(Dfit»JlJ (a) , 

(c) lc«rfi:«36«*S:*ftar.i:^*5o 

[0 0 4 7] Z<OX 3tCLT#4ofcflMK«»tt, «- 

SO-T^i, ^#»lciiH 1 0 "(?RW Lfc«l- h 7 y ^ ft 

[0 0 4 8] tttt&tfttUBKi 9-c*ai*ixfcffiffiaflr 

•H-te, S^ICLPFI h7 
«7^^17a, 17bO#3££ 

f|7^/^17a, I 7 b(D&$khLXW7£-rtl&, — 
(Offim* XV "K**^^^***^*^**!*-* - 
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[0049] £x±mwLtz£ 5f-> nm<owmikz&z> 

[0 0 5 0] SlW|2(OADC16a, 1 

6bHl4o«!lrt:, "fiy^Mt^^M^(DX^ gll&tK 
f2(7)ADC16a, 16bKK«ll h^^^r>- 

ymm&mmm imam?*?* Mt^tmu t &m tc- 

m-?i>£o **5> Hi i:lRl«^^«ri^^-ov^rliHl:^?■9■ 
[0052] mm<omm2\c£z> vy y*>#wmk\ft 

y^^mm^cxum^mt-r % 2^><om^n^ 

#E$tfrZ>o LPS 1 l<Dmt>X*hZ Yyy*> 

smmt^fa(t>$iM£tiz>*y-ty hmic&\,\ mm? 

&X£Z 0 

[0053] vyy*^?mmkm%iWLZ 012, gstst 

^2 a, 2b, 2c, 2d*« , Lfc, ftmiffiffi 
-5^^ h^v^ * 2, #S#Jf^-2a, 2b, 2c, 
2 d«»c*«i«S:«JEE«#(caEl(li-5»i^b»40« 
JE«ffi^«EB7a % 7b, 7 c, 7d, gia»bg4 
^m^mJBE^l&lHJK 7 a , 7b, 7c, 7d{C e fc9#?> 

S*t5SU»&*4^ADC16e, 16f, 16 

g> i 6h, mmk$tifz4'o<Dm^mm£&vz>y->> 

«7^;^17e, 17f, 17g, 17h,fflH£ 
ft*: 4 o(^)f- kffitetbifcSrfT 5 fc*<z> 2 otf) 
ft*, i-tete%mi&XfM2<DTi?*Mn^7!k&L 

b, *l&tf«2 0jD$M8 8 a, 8 b £ o T#tf> bft 
Ac 2 o<DfH#0-fe?n * D ^jR4r*n-eiX»ffl-r** 1 & 
&M2<D1?X2?X2X&&m\B\1£l 8 a, 18 b* gift 
U ? g2 0^n^n^^fcmElKl 8 a, 18b^e>ffl^ 

9<fc, Yyv*>?mmt^*'&*>Z>K—'<xy4J\s9 
(LPF) 1U, LPF 1 l^lti^fS^fc Yyy* 

>smmm^ctetjz*y±v h z>*y±? h 



^^17a, 17 b, 17 c, 17d^)#»Sr^^-r 
[0 0 5 4] ^^-fer^/ h^lfcfcitBl^S 2 0XftfrtiZ>*y~t 

^lc&tf%+mRUt-M(D\i 0 -?i$;$:btm-tZ> Z 4: fc J; 
9*Wi-**«fe^*f 6ixS 0 httffliag5 2 o 

[o o 5 5] #&:sS:5£IhJ£2 ite, ^tB§nfct7t s; 

MCffiV\ SlStf»20iB7-f;^l 7e, 17 
f <Offftt, S3Atf»4©IW7->f;l/^ 1 7 g % 17. 

[0 0 5 6] TU-W^y^-^B 
£ttlB^-**n = 3fcTttraU T/4 RllftfClin 

S7^;^17e, 17 fl^LTT/4KPB(Ct7t 
^h*JD^fc«» C^)t7t5/FMA (t=vI^) <t 

[0 0 5 7] B±RML*J: 5(-v ffim7>(si>* 1 7 
a, 17 b, 17 c, 1 7 d(D&$t&2E7LZtcrtX*y 
*y h&**>'1ZJl'1rZZk&T*i<Z>1t!t>. 3tiE^S3E 

[0 0 5 8] £fc, flMRfi&Sli]& 2 licis^Xffim?* 
^17e, 1 7 f , 1 7 g , 1 7 h <D&%C&m7£-fZ> 

[0 0 5 9] **3, *ffio^ffiiso f 2-cii, l&gq£fffi 
SMcf 5fc#>K. 7thr^ff^^2^lt, «2o 
iCMA>fc40£D^2 a , 2 b, 2 c, 2d^tt-5f 

e>4x*v\, ^fc, 7thf^r^^iU±ii(Dp]i:H: 

y*h^^'r?*(nwmic&t>ii:xm'g:£ti 

[0 0 6 0] 
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ffinm^&mt. mmt^h, ytxtf? bob? 

m in^i? 9-Aj&Hrim<0 -fcE* n * n xjfi £ U§ 
[0 0 6 1] hy^y^i^lii 

IBftItlllfilB7-f/u^i, *HB7-f/u#-e»fottfc 

una* z>ni&vtm2<Dy*is*ju{g^m&± 

<D-& n ^ n ^ ,6 £ *L^e*M& ffl1" 6 if n ^ u x /St* UileJ 
[0 0 6 2] ?£oT, *5SM«rfflV^ixtf, ^#AHt» 

[BiS(oiK**!aM] 

[0 2] *%^^3IJfiCD^ffil(C*5^5 h7^=¥>^ 
[04] ^*^3tx^^^^*^g{c^^e^t: 0 ^^r 



[0 5] ftXTtf* h^t:V b±*iffiSr5£#<BKftft 
[0 6] 3fc*#;y M*t: 0 ;y KJi*riBiii--6i#©SI*3(t 

[07] ft*^ h^fc°^ h ±£mm-tztz<D&myt 

[0 8] «*«)h^3/*>^wa«*«ffl*flio«d64: 
[09] 08*<£> (T) - (^) ^Sftfcfltfoa» 

[0io] h7v*>?mmm^*mm<nh7v?izt> 

[01 l]'t?y H 3<^ai$^ i/4(DS^t7t^ 

[012] l 3^$^U/4Mwt^t7 

■fey H8^Wa«:*Uft:Ea-e*>«o 
[013] tS3fe<&SJ<£> h^^^^^KUfS-g-tfeUigSltco 

[014] ft*oSiJ(^ h7^^^^3&«€-tftta*Hco 

1 3tas 

2 7^ hf^f^^ 

2 a, 2b, 2c. 2d Ifc^ 
3 

4 M^l/^X 

5 ttEfltatt 

6 ^—7^7— 
6 1 ibV-^X 

6 2 ^y^Ky^v^x 

7a. 7b, 7c. 7d ^ffimffi^^tnlK 
8a, 8b *0»^ 

9 a, 9 b 2 4l[{t:0K 

10 itftm&tiimm 

101a, 10 1b D%&7 V y/7P y~? 

l o 2 ftjMAUW 
1 l n — 

1 2 ftxzKy b 

13 flratr^h 

14a, 14b jSSIeIK 

15 a, 15b Jfc»*Mt7-f/U# 

16a, 16b, 16c, 16d T^u Jf-*ri/ 

17a, 17b, 17c, 17d «!H:7-f/U* 

18 a, 18b ■£*^u*,&»tti|pl& 

1 9 ^tsu^aieiss 

2 0 *7-feyHftUiaii 
2 1 ffi«f[R«[BlK 
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[mi] 



[mil] 



2a. 

2c- 




16a 



17a 



ADC 











18a 



18b 



17b 



19 



ADC 











18b 



11 



LPF 



(a) 

2a 2b 

i i 



2c 2d 



(O 



(b) 



2a 2b 

i 1 



2c 2d 



1-vWW 



[H2] 



(c) 



12] 



(a) 

2a 2b 

i_l 



2c 2d 



(b) 

2a 2b 

MM 



rr 

2c 2d 



[S3] 



21 


20 



















2a. 
2c- 




30 
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[BI4] [8 5 1 [0 6 3 
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[1219] 

vAAAAAAAA^ 

<*> JinjiruTjnjnjiJnJiJ^ 

• • » i i i t i 

< x > _rliJ7Lrii_rljnjlJiJ^ 

g | n < I M 

J LJULJL 



(A) 



_M_fl_IL_L 



o— n_ n__ n l 

(*> Q — - 



t u u ir 



13] 



14a 



2a. 
2c - 



^ 7b 



2b 



7c 



2d 7d 

ti/v; 





















9a 


10 






8a 




< 










t) — * 
























LPF 

























14] 




9a 



10 



-J— 



.jr. 
T 

9b 



vtmm 






LPF 





[^«IE#] 

[fifflB] ¥J*1 2^1 0 8 1 2 B (2 0 0 0. 1 0. 
1 2) 

[^UMHiE 1 ] 

[*jE*M>*B*] 0 0 0 5 



[0 0 0 5] u— if ft t'c03t2ij4^*^ e> WW L 
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2 km**-*. ft&mmfts±<offim*wth*-4i 

[#«5»jE2]' 

[*jE*f*J8B*l 0 0 11 

^35 

[oou]a±K«tfci5^ 7r-7^-;vh^ 
h l 2flSfflfjftbTy bil^t 

35»b#bn©2o<OJD»«*^)ffi«Srlt«U tetS^it 
H 2 Hfit: 0 7 > 1 3 <»: <^fitB-fix 
[^MIE3] 
. [«jE*f«3Sg*l 0 0 12 

[0 0 12] l8 8&tfH9«:l8v*T, V£M<Db7y*> 

y&m&mmmz.o^xvt&i't&o ms\^ 

8 ^(7) (x) - (*) -C^StLfeft^^tt^Sr^K^ 

1 2^ffl«^Jil 3±fciifT#ftfea*&#^«»l** 
# fe. fiP*>E8 5 <7)«lBd^ia 7 ©««(c$^Lft^ fe« 
fctfyV l_3±£ifii§-f SW^Stf&H^fcSo 
[*BttltiE4] 

[*jE*r**B*] 0 0 15 

[0015] ffiftHtfeWlHlK 1 0 2ffi{bffi * 

^ffiffiMDl^y^^n^T 9 (D-FF) 101 
a. 1 0 1 b£^T«bb1-<5o D-FFlOla, 1 



^bW^jSttSo o^«9. D-FFlOla, 101b 

ft. ^ft^fx2»ft«^ (*) > (^) ^ffi+aasrtfttu • 
L, #IB*^^ (tf*) > (#) ■MBS^**'* 

ft> P*H1*'*A'X (#) ttu D-FF 10 1 b^W^g 

5] 

[*]E«t**«4] BASH* 
[JtjEfctffcJEB'*] 0 0 19 
[«3E*ttl SEJE 

[00 19] ft*#^b.UL 

[*3E*Mfe*B*] 0 0 2 0 
[MiE*&] 

[WEI**] 

[0 0 2 0] 01 211. fiffiifttaoth 

ZTjkutimx. mi nsaa^ n 3©«s*u/4 

C0®^ (A : . H 1 2 lifflfflltr^ h 1 3 .<0 

jg£#;i/4K*^»^**-^o (a) 

7UK'<*~ » , (b) &*t%!ui'><4tmw}i-z>m& 

2— ^ (yy — yj—frY^? — ^) , (c) ttWfciX 

(b) H:***^ b 1 2tf* Yyytto^fo^^M*) J.O 
tt#tf^ h 1 3<oa»{C>Et11L-CV^^S^Sr^bTV^-5 0 
[^«g«IE7] 
[ffljE*f*«S*] 
[*jE#*«B«] 0 0 2 1 
[*IE^fe] ^5 

MtiEft*] 

[0 0 2 1] HI 1 (a) {C^fct5(-> ifffit 0 ^ M 
3 W» S / 4 t*Mfc^>'X4 LftV ^ 

^ hx^T^^^ 2 O^^lfil 05**^2 ai:2(i^ 
&t>*ttz&l<OW& (2a + 2d) fc^ t>5— *^JEMI 
*l^lCO§3fe^^ 2 b <h 2 c t Z^fr'&tcm 2 OflB« ( 2 

b + 2c) ^tciane^^-^^f^c^^^o h 

1 1 (b) tCTjk-tXolc, MyoUfX4&&W}l,X7* 
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tf-y h l_2.fr b 7 •yf'P'l^cibtU^ Siroii (2 
a + 2d) if 2C« (2b+2c) b frb^ttl-Ztl 

&t)£tiZ^<otiUfe&\*Mbti:Z>„ '&^X, Ell 105 
(c) fc*rJ:3»^ fcBIA, B-C*UA:<BJ5»©«^ 

[¥«iE8.] • 

[fflIE*j-^)5e^] 0 0 2 2 

[0 0 2 2] rflKitU 0 1 2 fCTp-f 4 fffg tf 
hJ^<DS*iflU/ 4 f&l<Offl«e (2 a 

+ 2d) £312^*$ (2b + 2c) i^^tti^^^-S 

«»<0tt*£a*£U5»-a-!8**>s. 12112 (a) k^-t 

4 5ic, 7* hfjr-?* 2©SM3t* s »SlL./£V^ 
£\ S510ffl« (2a + 2d) tS2W« (2b + 2 

c) ©nuKHt**i4*<» h7-y*>?mmm%-temb 

*5«5, 1312 (b) fc^-TJ: 5K*Mfcv^>-X4;6M£lb 
-T-5&, firoSS (2a + 2d) il2©f« (2 b 
+ 2c) i©B(C7>/<7^Mi:, <flrffiSS* J *Cr 

T, @12ffl (c) C9&PPA, B-C^LfcgC^<OK^ 

■fe y h 7 -y 7 <Wp'L-iz.ft LT h^s/* 

JE 9 ] 

IffilEtt&tmg*] 0 0 3 8 
[*tIEl*n£] 

[0 0 3 8] Bin, Hfficfin;<k5 h^y^v^ 

14, ft**-./ hroSlfJtfcftft+SS**?-*:**.*:, 
lc3S|ft-t-5^i^e 5 ^4(0®aK®EE^|ftHM7 a~7 

d, «l*»&«4©«*«EE«*jBiai7a~7 d-CUb 
•r^*3*>»lS^2<OiP^§g8 a, 8 b, 2 

owft^jij?)»e>^ia:t>*m2ro7 f v ! ^>'Wf^-^ij*# 

5» 1 Atfl 2 W7t n ^-f i^^^fftS (ADC) 
16 a, 1 6 b, fgl&U^ro^^Mf-^M-tiX 

jeniio^"c*HB»as:tt-r* 1 aw* 2 coffin ^ /w 
*i7a, n b^in.wm2(om^iy-(^^ n 

a, 1 7 bi;J;otffi^S^fc^lJSLt;i2ro7 i v f ^l' 



2CD-^n^ n^.^ttllpI?S 1 8 a , 18b v f lOf^ 
<£>-if o ^ n *^£<0#lSM&fctfJ-r5te*B^tfctiJlHl8g 1 
ISa6«**#*n-^7-fyu^ (LPF) 11, «r« 
[^HWftE 1 0 ] 

[«iE*ttfes»&] wmm 
iffijEttmrnsz,] 0041 

[«IE*&] g^H 

[004 1] flSl09MHC#8 a 14, 'ft 1 3 <£>®»ft 

Sffi2M[HisS7 a, 7 c-ow^r&AnWu m2<Dto&m 
8 btt, ■M2&O 5 ft4 03S*«EE^JilHlgS7 b; 7d» 

[SMWHjE 1 1 ] 

[«:E*f#<»»£] w«a« 

[«3E*ta^gi&] 0 0 5 2 
[ffiiE^ffi] *X " • - 

[0052] *iiw^fig 2 ic 4 s h7 y*>7*mm&m 

3£B3_OI4, 7Hr YytjT-i?? 2 fetl-S^mSE* 
WEEKS* U ^S^/WfcU «ra«iS4rJfeL-C*»f>, . 
b 7 v * v ^PUJ-JtS c rfi:4a a* »tt5 2orot^ 

?"I?r*fiic-r^o LPFll iroffl^-efc5h7y 

*>'y'm2i:m%-t>><bfcm£tiz>*7±-y haicsev^, *t 

H 7 /u* (c J: o TMK * ti -5 x - * (DbtW & fsm~t -5 
[3^«jE 12] 

[«je*t*#s*] stojs 

[MiE*f*^iiS] 0 0 5 3 

[*JEI**] 

[0 0 5 3] hyy^-^^iS^UiSBS 0(4, gftSil 
^2 a, 2 b, 2c, 2d£WLfc, 3tflr8KfcH;*J«r#«> 
hr-fT^i? 2, &%:%m=i- 2 a, 2b, 2c, 

2 d*nft*«*«ffiflr#Ki«»r*iBi*»e>*4o« 

itSJEE^mielK 7 a , 7 b, 7 c, 7d, ftl/6>ibft4 
<0«iifcflJEE^&l§J8S 7 a , 7 b, 7 c, 7d(c4>?#£> 
ftfcflr*trlW»fl: i^7°])>if) LXf^fA^t^iz 
f^tSf U'bf 4CADC1 6 a., 161, 16 

_c_, i 6 i, «i»{t:$4xyi:4owfi^?ijic*jtt«^^ 

7°>J ^y'v'-fimnffimT-f'ZXtbZfS 1 *>&I4C 
ffiffi7js\s? 1 7 _a_, 1 7 b_, 17 c., 1 71, ifflj 
tlfc 4 -o(D=f—5>?h5U* bttLlfcktm&ft o f'tb<0 2 ocD 

«», f-**>*>mi2feu s ft2<07 ? i;^>'um^?ij, *^ 

J«-rS«»**»-C*>i» lMf2©WH8 a , 8 
b, mi8.L*m2<Dlmn$%8 a, 8 b(Cj:-ot*»f,tl 

Km2<D-en*vajtiLUimmi6l 8 a, 18b, UK 
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tf^2CD-fe?ci^ n*j&&ffl|H]?§l 8 a, 1 8 b a^tHTJ 

9 k, Y?y**?Wmfo****>**-'** 7 4 A '* 
(lpf) Hi, lpf i KomMt^h \-y-y* 

1 3 ] 

I*|jE*tfft*l*] 00 5 5 

[0 0 5 5] «»sS^lHl?§2 114, JftmSftfe*-?** 
b*K«V\ «lfttm2©*i|7-f^* 1 7.8., 17 
bffliti, $3Wf 4©«S7^^ 1 17 

14] 

[«JEM^#«*] Mtt* 
[»3E»*«B*r 00 5 6 
[«jE*ife] «H 

[0 0 5 6] «*.!*, TV-h»*^J^-*" 
%ffimir-i'&. n = 3 K-CWIB U T/4IBBI»K*IB 

H7<f ^17 A , i7i.K»L-CT/4|IIHHt*^* 
6. 

[^«K«jE 1 5 ] 
[ffiiE*ttMfSi£] 
[lEMtSI*] 00 5 8 
[«BE*ttc] 

[0 0 5 8] *fc, «*aB!SeE«S2 1I^V^MK7^ 
1 7 A , 17 b., 17 c, l 7AO«*«:R*t6 

5 fc * «? 7 ^ * ««K 3&tf r fc K. J: 9 # ft 5 9i 

[^HSffilE 1 6 ] 
[*IE*«t«R*] 



miEtt&mn4>\ 0059 
[*]Ert^] 

[0059] mMoMmi&vm^ mwzm 

■Lic-fSfctiXC* 7thf-fT^2iLt > «2o 
(itZ/fc^OffliiJlffZa, 2b, 2c, 2d£*Pf 

'KlRbft*v\ 7*bf^f?^i:Ut±I^ 

T, 7thf^7^?I^WM$tlfc>75' i f>' 

^jpg&m^iBt>*3SWo«sBafc:^*fts - •fc r±» 5 * 

[#^«jE 1 7 ] 
[»IE*|-#S«4i] 

[ttE^fe] 

[13 -§-<£>!&$] 

2 ~7* Yf-irr? 9 

2a, 2b, 2c, 2d £3£#^ 

3 3 yy-?i/yX 

4 ^v^X 

5 JtfMMtf* 

6 ^-7^7- 
A 0 

6 1 

6 2 S/jyK.!)*^^ 

7a, 7b, 7c, 7 d «5fc«ffi£&l§I!S 

8 a , 8 b 

9a, 9b 2«tftB« 
1 0 . fltfMfcfctHEIB 

1 0 1 a, 10 1b DS7^77-7n y 7 

102 g#tfcffiSS 

1 1 xi— /<7*7 4fl'9 

12 b 

1 3 flMtfcTy H 

14a, 14b ilffiBK 

15 a, 15b B**flS7-f 

16a, 16b, 16c, 16d Ttn^-f^ 

17 a, 17 b, 17 c, 17d WIH^-f/U^ 
18a, 18b -gn*P*jSi*ai3l6 

1 9 fl:tfS6*tHBKl 

2 0 MftWHB 
2 1 4fc#K5£HI«& 

[fftliiEl8] 
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miEtt%imm&] mm 



[m 3 1 



2a. 
2c - 



7a 

-j^V> * ADC 



a 17a i—* 

p, ^ L 



21 


20 


< 

















2b 



€3 



in 



7b 16b 



17b 



J/V> > 



ADC 



16c 



17c 



7 

2d 



ADC 



miq 

7<M 



17d 



ADC 



MR 



[3MR*BE 1 9 1 
[«jE*MMIB4&] El 4 

[04] 



100 




18a 




LPF 



30 



«asrai* 

1 

18b 



(72)»W# PA* ifcft 



F 9 — -k (#%) 5D118 AA01 CA13 CC06 CC12 CD03 
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